Objective: To evaluate the presence within the peri-implant sulcus of Tannerela forsythia (Tf), Porphyromonas gingivales (Pg), Treponema denticola (Td) and Aggregatibacter actinomycetemcomitans (Aa), and relate these bacteria to the peri-implant crevicular fluid volume (PICFV). Material and Method: A prospective and cross-sectional clinical case series study was made. For the measurement of crevicular fluid, use was made of the Periotron ® 8000 (Proflow Incorporated. New York, USA), measuring the volume in Periotron units (PU). For the detection of periodontopathogenic bacteria we used the IAI-PadoTest 4.5 (IAI Inc., IAI Institute, Zuchwil, Switzerland) -a system for the detection of Tf, Pg, Td and Aa based on the use of RNA arrays. Results: We included 34 patients (19 females and 15 males) with a mean age of 56.4 years. Of these subjects, 30.8% were smokers and 69.2% non-smokers. Out of a total series of 213 implants, we analyzed the crevicular fluid and microbiota in 90 implants. A total of 16.5% of the implants presented mucositis, while 83.5% were in healthy periimplant conditions. The microbiological study revealed the presence of Tf in 17.1% of the implants, Pg in 9.3%, Td in 13.6%, in Aa in none of the implants. The mean Periotron reading was 93.4 PU (range 12-198 PU). A statistically significant (p<0.05) relationship was observed between PICFV and the total percentage bacteria (Tf, Pg and Td) -with a strong association between the Td levels and smoking (p<0.01). In the implants with mucositis, the concentration of Pg and Td was greater. Conclusions: In the implants studied, the subgingival peri-implant microbiota was characterized by low levels of Pg, Tf, Td, and none of the patients proved positive for Aa. These bacteria showed a positive correlation to crevicular fluid volume, and a statistically significant relationship was observed between Td and smoking.
Introduction
The microbiota that colonizes dental implants in healthy totally edentulous patients is very similar to that colonizing the teeth of periodontically healthy individuals (1) . The main pathogens implicated in peri-implant diseases are gramnegative anaerobic bacteria, with an increased percentage presence of mobile and fusiform bacilli and spirochetes (2) . Recently, Aas et al. (3) identified over 700 species occupying specific ecological niches in the oral cavity. However, the bacterial species Tf, Pg and Td have been the most aggressive pathogens, representing the "red complex" in the Socransky classification of the subgingival microbiota, and being strongly related to bone destruction (1, 4) . While Aa has not been included in the red complex, it has been found to be present in the microbiota associated to peri-implantitis (5, 6) . Crevicular fluid is a potent plasma exudate, and in certain pathological situations (gingivitis, periodontitis, peri-implantitis) its secretion increases with respect to healthy conditions (7, 8) . Stewart et al. (9) consider that peri-implant crevicular fluid measurement should be viewed as an objective indicator of the degree of periimplant tissue inflammation. The present study was designed to evaluate the presence in crevicular fluid of Tf, Pg, Td and Aa in totally edentulous patients subjected to dental implant rehabilitation, and to relate these bacteria to the PICFV.
Material and Method

Selection of the patients and implants
A prospective and cross-sectional clinical case series study was made between January 2009 and July 2009 in an Oral Surgery Unit of a University Clinic. A total of 251 dental implants were placed in 40 patients. Regarding the inclusion criteria, we selected totally edentulous patients with at least one fully implant-restored dental arch, subjected to maintenance every 6 months. We in turn excluded those patients subjected to any type of local or systemic decontamination treatment of the oral cavity in the last three months (e.g., antibiotics or rinses); patients with uncontrolled peri-implant disease (suppuration or important bleeding after probing, with a pocket depth of over 5 mm); patients with implants in which the rough implant surface was exposed; patients with systemic diseases or medicated with drugs capable of altering gingival health in any way; and pregnant or nursing women. Sample selection was software randomized. One implant per implant-restored quadrant was selected, peri-implant crevicular fluid measurements were made, and microbiological samples were collected. All patients gave written informed consent before sample collection, in accordance with the principles of the Declaration of Helsinki, and with authorization from the Ethics Committee of the center.
Collection of microbiological samples
The supragingival plaque was removed with a curette or cotton swab, without penetrating the gingival sulcus. Relative isolation was ensured with cotton rolls. The sampling zone was pressure air-dried. Sterile paper tips (Johnson & Johnson, Medical Inc., Arlington, TX, USA) were inserted to the bottom of the peri-implant sulcus during 10 seconds. Each paper tip was then placed in a tube, which was shaken to uniformly distribute its liquid contents (guanidine thiocyanate 4 M and 2-mercaptoethanol), impregnating the paper tip. For the microbiological analysis, the samples were shipped to IAI Inc., where evaluations were made of Pg, Aa, Tf and Td, using the IAI-PadoTest 4.5 ® (IAI Inc., IAI Institute, Zuchwill, Switzerland). To this effect, the samples were mounted in nylon membranes and hybridized with specific P32 arrays directed against the sRNA ribosomal subunit (ssrRNAs) of the four above mentioned periodontal bacterial species.
Measurement of crevicular fluid volume
After calibrating the Periotron ® 8000 (Proflow Incorporated. New York, USA), a crevicular fluid sample of the dental implants was collected with sterile paper strips (Periopaper Strip 
Results
Six patients were excluded from the study: two due to antibiotic use, two due to the use of oral rinses, and another two who presented an incomplete protocol. A total of 34 patients (19 females and 15 males) were thus finally included. Twenty-three patients presented rehabilitation of a single maxilla with dental implants, while 11 presented implant-based restoration of both maxillas. The mean age was 56.4 years (range 46-85). Fourteen of the patients wore fixed prostheses, 11 involving overdentures with Locator ® (Zest Anchors, Escondido, CA, USA), and 9 overdentures with bars. On the other hand, 30.8% of the subjects were smokers while 69.2% were non-smokers. A total of 213 dental implants were placed, with analysis in the present study of 90 implants. A total of 16.5% of the implants presented mucositis, while 83.5% were in healthy peri-implant conditions. The microbiological study revealed the presence of Tf in 17.1% of the implants, Pg in 9.3%, Td in 13.6%, in Aa in none of the implants. The mean Periotron reading was 93.4 PU (range 12-198 PU). Spearman correlation revealed a statistically significant correlation between total percentage bacteria (Tf, Pg and Td) and crevicular fluid volume (Table 1 ). In the presence of mucositis, the concentration of Pg and Td was found to be significantly greater (Pg: p < 0.01 and Td: p< 0.05) ( Table 2) . In turn, Pearson correlation to evaluate the association between smoking and the presence of these bacteria showed smokers to present a significantly greater amount of Td, with no observed influence upon any of the other bacterial species.
Discussion
The IAI-PadoTest 4.5 ® is a system designed to detect periodontopathogenic bacteria based on the use of RNA arrays. Some studies have used this technique for the detection and quantification of bacteria in the diagnosis and treatment of the periodontal and peri-implant diseases (10-15). Cosgarea et al. (15) , using two microbiological tests, the Pado Test and real-time polymerase chain reaction (RT-PCR), observed a high percentage coincidence for Pg, Tf and Td with both tests. In our study, 17.1% of the implants revealed the presence of Tf, while 9.3% yielded Pg and 13.6% showed the presence of Td. In no case was Aa observed. Other authors have published similar results. Salvi et al. (16) , in a study of 17 healthy implants, reported the presence of Pg in 13.5% of the implants, Tf in 11.8%, Td in 5.4% Td, and Aa in 2.7%. Renvert et al. (17) , in a study of 55 healthy subjects and 31 patients with peri-implantitis, recorded the presence of Td in 13.2% of the healthy implants, with Pg in 7.9%, Tf in 5.3%, and Aa in 2.7%. Other authors (18, 19) in turn have observed a significant increase in the risk of bone loss when Aa is present at levels of 104, and Pg at levels of 105. In the present study we did not observe Aa, and the Pg levels were under 105 (44,000). We observed a positive correlation between crevicular fluid volume and the red complex bacteria, in coincidence with the data published by Teles et al. (20) . Smoking as a risk factor for peri-implant disease influences the subgingival microbiota, as well as PICFV and its composition (20) . Some bacterial species have been more closely correlated to smoking, such as Tf, which revealed a significantly greater presence in active smokers (21). Delima et al. (22) reported a significant reduction in the presence of Td after one year of smoking cessation. This agrees with our own study, in which a strong association was recorded between the Td levels and smoking (p<0.001). The measurement of PICFV and the analysis of the peri-implant microbiota could predict the change from healthy conditions towards peri-implant disease. Accepting the limitations of this study, it can be concluded that the subgingival peri-implant microbiota in our series presents low levels of Pg, Tf and Td, and moreover none of our patients presented Aa. These bacteria showed a positive correlation to crevicular fluid volume, with a statistically significant relationship between Td and smoking. Lastly, in the presence of mucositis, the concentration of Pg and Td is seen to increase. 
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